Abstract. New oligomer with peroxy, primary and secondary hydroxy groups has been synthesized on the basis of peroxy derivative of ED-24 epoxy resin (PO) and PolyTHF-2000 oligoether according to the developed procedure. The effect of the catalysts nature and amount, temperature and process time on the reaction rate has been studied. Benzyltriethylammonium chloride, potassium hydroxide, 1,4-diazobicyclooctane and the mixture composed of benzyltriethylammonium chloride and KOH (molar ratio 1:1) were used as the catalysts. The structure of the synthesized oligomer has been confirmed by the chemical and IR-spectroscopic methods. The synthesized oligomer may be used as an active additive for the production of polymeric films based on ED-20 industrial epoxy resin and TGM-3 oligoesteracrylate.
Introduction
Oligomers with various functional groups are widely used as active additives to the polymeric mixtures [1, 2] . The compounds with the functional groups capable to simultaneously react via radical and condensation mechanisms are of special interest [2] . The analysis of literature data shows that epoxy resins are more often used for the synthesis of oligomers with functional groups different by their nature [3] [4] [5] . Such choice is connected with the fact that they contain reactive epoxy groups allowing to introduce peroxy [3] , carboxy [4] and methacrylate [5] groups into the resin structure via oligomer analogous conversions. While introducing the mentioned groups the secondary hydroxy groups are formed as a rule. They are less reactive compared with the primary hydroxy groups therefore they need high temperatures -413 K and higher [4] .
In this work we studied the synthesis of oligomer based on ED-24 epoxy resin and containing peroxy, primary and secondary hydroxy groups at the same time. In our opinion, the presence of peroxy and primary hydroxy groups allows to extend the possibility of functional compounds application as additives to the polymeric mixtures.
Generally, the synthesis of hydroxy derivative of ED-24 epoxy resin with free epoxy group (HPO) may be represented by Eqs. 
HPO n = 26-28
Peroxy oligomer (PO) obtained according to Eq. (1) is a known product and its synthesis on the basis of ED-24 resin and tert-butyl hydroxyperoxide (TBHP) is described in [6] . The reaction between PO and PolyTHF-2000 oligoether is not described in the literature and we study it here.
Experimental

Materials
ED-24 resin was obtained via interaction between bisphenol A and epichlorhydrine with the molecular mass M n of 340 g/mol and epoxy number e.n. 24 %. TBHP was obtained according to the procedure described in [7] and after purification its characteristics were: M n = 90 g/mol; active oxygen content [O] act = 4.2 %.
PO was synthesized on the basis of ED-24 resin and TBHP according to the procedure described in [6] . Its characteristics were: M n = 420 g/mol; e.n. = 10.5 %,
[O] act = 3.3 %. PolyTHF-2000 was purchased from BASF Canada Inc. and was used as received with M n of 1950 g/mol; hydroxy number of 54.7 mg KOH/g and acid number of less than 0.05 mg KOH/g. The catalysts of Eq. (2) were: potassium hydroxide, benzyltriethylammonium chloride (BTEACh), 1,4-diazobicyclooctane (DABCO) and the mixture composed of BTEACh and KOH (molar ratio 1:1).
The epoxy dianic resins ED-20 used for the cross-linking had M n = 390 g/mol and e.n. = 20 %. TGM-3 oligoesteracrylate had M n = 280 g/mol. Polyethylene-polyamine (PEPA) was used as received without additional purification.
Analysis Methods
The epoxy number was determined using back titration of the sample in the acetone + hydrochloric acid solution by 0.1 N alkali solution [8] . The active oxygen content in the initial PO and synthesized HPO was determined using the procedure described in [9] . IRspectroscopy was carried out using Specord M-80 spectrophotometer (Brucker, Germany). The samples were prepared as a film formed from oligomer solution in chloroform and applied over KBr plates.
Kinetic Investigations
PO with PolyTHF-2000 interaction was studied in a three-necked reactor equipped by a mechanical stirrer. Isopropyl alcohol was the reaction medium. The reaction proceeding was controlled by determination of epoxy groups concentration in the reaction medium according to [8] .
HPO Synthesis
HPO synthesis was carried out in a three-necked reactor equipped with a mechanical stirrer, back condenser and thermometer. 25.0 g of PO dissolved in 50 ml of isopropyl alcohol, 121 g of PolyTHF-200 dissolved in 200 ml of isopropyl alcohol, 4.13 g of BTEACh dissolved in 2.75 ml of water and 1.2 g of KOH dissolved in 1.53 ml of water were loaded into the reactor. The mixture was heated to 323 K and was sustained under constant stirring for 25 h. Then it was cooled to the room temperature and neutralized by 10% solution of acetic acid. Then 200 ml of toluene were added, the mixture was washed till the neutral reaction and dried under vacuum at 343 K till the mass became constant. HPO in the amount of 137.68 g (yield 94.3%) was obtained capable to dissolve in the organic solvents.
HPO Cross-linking Properties
HPO cross-linking activity was studied using polymeric mixture 1 and 2 ( Table 1) . Polymeric mixtures were prepared by mixing the components till homogeneous viscous solution was obtained. It was applied over degreased glass plate of the standard size. The films were kept for 24 h at room temperature and then heated to 383 or 423 K for 15, 30, 45, 60 and 75 min. The film formation was controlled by determination of gel-fraction content (Soxhlet apparatus, 10 h, chloroform) and hardness (M-3 pendulum device).
Results and Discussion
Kinetic Investigations
Kinetic investigations of PO reaction with PolyTHF-2000 (Eq. (2)) were carried out to establish the optimum conditions for HPO synthesis. To determine the amount of the catalyst under which the reaction would proceed with the sufficient rate, we investigated 15-30 mol % of the catalyst relative to 1 g-eq. of epoxy group. The investigated temperature range was 323-343 K. The temperature increase above 343 K is undesirable because of partial decomposition of peroxy groups in the initial PO.
Using the catalysts BTEACh (30 mol %), KOH (30 mol %) or DABCO (15 mol %) the concentration of epoxy groups is not changed for 1.5 h (the reaction does not proceed) even at 343 K. Other results were obtained using the catalytic mixture of BTEACh+KOH (molar ratio 1:1). With BTEACh and KOH amount of 30 mol % in the mixture the epoxy groups concentration decreases already at 333 K.
The effect of temperature on the reaction rate is illustrated in Fig. 1 . It is well-known that the increase in temperature increases the reaction rate and effective rate constants. At 323 K the reaction rate is 1.64 ± ± 0.17•10 -4 l/(mol•s); at 333 K -2.06 ± 0.15•10 -4 l/(mol•s) and at 343 K -2.68 ± 0.22•10 -4 l/(mol•s). The interpretation of calculated effective reaction rates in the Arrhenius coordinates (Fig. 2) allows to calculate the activation energy of the reaction between PO and PolyTHF-2000 in the presence of BTEACh+KOH catalytic system. The activation energy is 22.6 ± 2.8 kJ/mol. 
IR-Spectroscopic Investigations
IR-spectroscopic investigations were carried out to confirm the structure of the synthesized HPO. The spectrum of the initial PO was recorded for comparison. The obtained results are represented in Fig. 4 . The absorp- tion band at 910 cm -1 corresponding to the epoxy ring stretching vibrations is observed in the spectrum of the initial PO (Fig. 4a) . This band is absent in the spectrum of the synthesized HPO (Fig. 4b) 
Cross-linking of Epoxy-Oligomeric Mixtures in the Presence of HPO
The epoxy-oligomeric mixtures were cross-linked in the presence of HPO according to the procedure described in Subsection 2.6. The investigated mixture consists of the industrial dianic epoxy resin ED-20, oligoesteracrylate TGM-3 and the synthesized HPO. PEPA is a hardener (Mix 1, Table 1 ). The mixture without HPO (Mix 2, Table 1 ) is taken for the comparison.
The experimental results are represented in Table 2 . After cross-linking the films based on Mix 1 at the room temperature for 24 h are still gluey despite the content of 44.1 % of the insoluble products. The further films heating to 383 or 423 K increases the content of insoluble products in them and their hardness. At the same time at 383 K the increase in cross-linking time leads to the increase in both gel-fraction content and hardness.
In the case of cross-linking at 423 K we observe another situation. At cross-linking time of 45 min the content of insoluble products achieves already 98.5 % at the hardness of 0.82 rel. units. Further heating (is not shown in Table 2 ) does not lead to essential changes of both indices. It means that with the increase in temperature from 383 to 423 K both primary and secondary groups of the synthesized HPO participate in the cross-linking. At 423 K these groups are capable to react with residual epoxy groups, as well as between each other, leading to the additional cross-linking of the polymeric mixture components. Moreover, HPO molecules have free peroxy groups which can decompose and form free radicals. The formed radicals initiate threedimensional copolymerization of TGM-3 oligoesteracrylate and provide the increase in the amount of insoluble products.
In the case of Mix 2 (without HPO) we also observe the increase of gel-fraction content with the increase in temperature but its value is lower compared with that of Mix 1. Such increase of insoluble products content in Mix 2 is possible only due the interaction between the residual epoxy groups and secondary hydroxy groups which are present and formed during ED-20 resin cross-linking. TGM-3 molecules do not participate in the process of film formation due to the absence of copolymerization initiator in Mix 2. They only plasticize the formed film.
Conclusions
While using peroxy derivative of ED-24 epoxy resin and PolyTHF-2000 oligoether we synthesized a new oligomer with free peroxy, primary and secondary hydroxy groups in its structure. The catalytic system BTEACh+KOH (molar ratio 1:1) was found to be the most effective one for the process. Kinetic investigations vindicate this fact. The presence of peroxy group in HPO molecule is confirmed by doublet of hem-dimethyl vibrations at 1395 and 1368 cm -1 ; hydroxy group -at 3448 cm -1 . The synthesized HPO used as an additive to epoxy-oligomeric mixture based on ED-20 industrial epoxy resin and TGM-3 oligoesteracrylate increases both gel-fraction content and hardness of the obtained films compared with the mixture without HPO.
